Bitter pit is a physiological disorder that occurs in apple, pear and quince and has long 48 been associated with calcium uptake or lack thereof. In the present study, pooled 49 biological Malus domestica proteins were collected from healthy and naturally 50 occurring bitter pit fruit. Protein samples (bitter pit and healthy) were analyzed with 51 differential in-gel electrophoresis (DIGE) and SameSpots software was used to 52 compare gel spots by intensity. Identified spots (p<0.05) were spot picked and trypsin 53 digested. Peptides were separated by liquid chromatography (LC) and submitted to 54 
Introduction 68
Bitter pit, a physiological disorder occurring in apple, pear, and quince, has been long 69 associated with calcium uptake or lack thereof. Symptoms are known to develop in 70 storage, appearing several weeks to months after harvest. Symptoms have also been 71 seen on young, vigorously growing, nitrogen fertilized trees, with partial fruit 72 maturity (Ferguson & Watkins, 1989) . The severity of bitter pit is often associated 73 with nutrient concentration (N, K, Mg, Ca), seasonal rainfall, and temperatures, which 74 are known to enhance the development of the disorder (Retamales et al., 2000) . 75
Bitter pit development has been described as the result of low Ca 2+ concentrations in 76 fruit tissue (Fuller, 1980) . Calcium uptake is directly influenced by climate, water 77 availability, nutrition, vigor, and crop production. Uneven calcium distribution in fruit 78 tissue has been thought to be one of several factors that cause bitter pit (Wilkinson, has also been reported that the skin, seeds, and core tissue of bitter pit affected fruits 85 have higher calcium concentrations than the flesh (Wilkinson, 1961, Wilkinson, 86 porcine (Promega, Promega corporation, Madison, WI, USA). Gel plates were 252 incubated for 6 hours at 37ºC. After incubation, plates were centrifuged and the 253 trypsin solution was collected. Tryptic peptides were extracted by adding 20 µL 25 254 mM ammonium bicarbonate to each sample, then centrifuging to collect the solution. 
2.7.Mass spectrometry analyses 262

Liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) analyses 263
were performed with an UltiMate 3000 LC system Thermo Scientific Dionex (Voisins 264 le Bretonneux, France) connected by a nanoelectrospray interface to a linear ion trap 265 mass spectrometer coupled to an Orbitrap detector (LTQ-Orbitrap, Thermo Fisher, 266
Waltham, MA, USA). Tryptic peptide mixtures (4 μl) were loaded at flow rate 20 μl 267 min −1 onto precolumn Pepmap C18 (0.3 by 5 mm, 100 Å, 5 μm; Dionex). After 4 268 min, the precolumn was connected with the separating nanocolumn Pepmap C18 269 (0.075 by 15 cm, 100Å, 3 μm), and the linear gradient was started from 2 to 36% of 270 buffer B (0.1% formic acid, 80% acetonitrile (ACN)) in buffer A (0.1% formic acid, 271 2% ACN) at 300 nl min −1 over 50 min. Ionization was performed on liquid junction 272 with a spray voltage of 1.3 kV applied to an uncoated capillary probe (PicoTip 273 EMITER 10-μm tip inner diameter; New Objective, Inc, Woburn, MA). Peptides ions 274
were automatically analyzed by the data-dependent method as follows: full MS scan 275 (m/z 300 to 1,600) on Orbitrap analyzer and MS/MS on the four most abundantprecursors on the LTQ linear ion trap. In the present study only +2 and +3 charged 277 peptides were subjected to MS/MS experiments with an exclusion window of 1.5 min, 278 with classical peptide fragmentation parameters as follows: Qz = 0.22, activation time 279 = 50 ms, and collision energy = 35%. 280
The raw mass data were converted to mzXML format with the ReAdW software 281 (http://tools.proteomecenter.org/software.php). Protein identification was performed 282 querying MS/MS data against a Malus domestica database (uniprot.org), together 283
with an in-house contaminant database, using the X!Tandem software (X!Tandem 284 Cyclone (2011.12.01), http://www.thegpm.org) with the following parameters : one 285 trypsin missed cleavage allowed, alkylation of cysteine and conditional oxidation of 286 methionine, precursor and fragment ion set at 2 ppm and 0.005 Da, respectively. A 287 refined search was added with similar parameters except that semi-tryptic peptides 288 and possible N-ter acetylation of proteins were searched. All peptides matched with 289 an E-value lower than 0.01 were parsed with X!Tandem pipeline software. Proteins 290 identified with at least two unique peptides and a log (E-value) lower than 4 (10 -4 ) 291 were validated. In the case of identification with only two or three MS/MS spectra, 292 similarity between the experimental and the theoretical MS/MS spectra were visually 293 checked.
Results and Discussions 295
Separation of proteins differentially expressed in bitter pit and healthy tissues were 296 carried out in a 2D-DIGE system. In the first dimension, proteins were separated 297 according to isoelectric point. In the second dimension, proteins were separated by 298 molecular mass (Figure 1 ). SameSpots computer software was used to compare spot 299 intensities by comparing a pool sample (Cy2 -Internal calibration) against healthy or 300 bitter pit cyanine dyed samples to reduce potential gel variability issues. Scanned Gel 301 images were automatically compared and analyzed using SameSpots tools which 302
reported fold values and p-values (one-way anova) of all spots. For a protein to be 303 considered significant (differentially expressed), the p value was less than 0.05 and 304 the fold change was at least two. 305
Typhoon scanned gel layers (Cy2, Cy3, and Cy5) were aligned and 200±5 protein 306 spots were visually detected in both gel replicates using SameSpots software (Figure 307 intensities between healthy (9 spots) and bitter pit (32 spots) affected tissues. 311
Target gel spots were picked, in-gel digested, injected into a LC system and isolated 312 fractions were recorded by LTQ-Orbitrap. The forty-one spots were identified by their 313 peptide sequence listed in the Malus domestica database, using X!Tandem and De 314 novo pipeline software. 315
Thirteen unique (non-duplicated) proteins were identified as being significant in 316 either healthy (Table 2) or bitter pit (Table 3) For the sake of simplicity, the results and discussion will be structured with respect to 320 proteins differently expressed in healthy or bitter pit tissues, respectively. The 321 identified spots will be named with their spot ID between parentheses. Non-322 significant protein spots are listed in Table 4 . 323
Proteins overly expressed in bitter pit 324
As shown in Table 3 ethylene during and after cold storage concluding that ethylene concentrations 387 remained relatively low during cold storage and apples developed bitter pit. Also in 388 this study it was suggested that apple decay could be related to bitter pit incidence as 389 samples expressing greater bitter pit incidence also had greater visible decay. In the 390 present study, apples were stored for a period of 6 months in cold storage and 391 although fruit respiration/ transpiration levels decreased, fruit may have decayed at a 392 much greater rate due to the storage environment. In several previous studies, which 393 stored fruit in low ethylene, low oxygen environments (Stow et 
3.2.Proteins overly expressed in healthy tissues 404
Three healthy proteins (4 spots) had greater average normalized volumes (1358, 1453 405 and 1859) when compared to bitter pit proteins (Table 2) . ACO activity (antisense) displayed reduced autocatalytic ethylene production, slower 412 ripening and less fruit softening when compared to the control. In our presented study, 413 the healthy tissue samples expressed greater ACO activity suggesting increased 414 ethylene production, faster ripening and more instances of fruit softening. 415
Additionally, it is believed that once healthy fruit begin to decay, due to ripening and 416 endogenous ethylene caused by ACO activity, they are more vulnerable for bitter pit 417
development. 418
Spot 1453: this spot was unable to be identified using the Malus domestica database(no data entry found) and was ultimately sequence matched with another genera from 420 the general Roseaceae database (also found at uniprot.org). Spot 1453 was identified 421
as UTP-glucose-1-phosphate uridylyltransferase also referred to as UDP-glucose 422 pyrophosphorylase or UGPase. In the current study UTP-glucose-1-phosphate 423 uridylytransferase was 2.3-fold greater in healthy tissue when compared to bitter pit 424 tissue. Its function is to catalyze the formation of UDP-glucose, which has a central 425 role in the production of glycolipids and glycoproteins, from glucose-1-phosphate and 426 UTP (Thoden & Holden, 2007) . 
increasing the apples' allergenicity potential. On the other hand, some proteins were 479 much more abundant in healthy tissues than in the affected ones. These proteins carry 480 out different biological functions such as ethylene production catalysis, synthesis of 481 glycoproteins and glycolipids, as well as metal biding. 482
Studying alterations in the expression levels of protein indicators of both bitter pit and 483 sound tissues at the time of harvest and its evolution during the post-harvest storage 484 may help to better understand the inner mechanisms of bitter pit development. better 485 knowledge of the factors that trigger this disorder will allow the development of more 486 effective control strategies during breeding.
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